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KXXIV. j%t Account of an extraordinary 
Operation performed in the Dock-Tar d at 
Portfmouth : Drawn up by Mr. John 
Robertfon, F.R.S. 

Read May 26. r-jrn H E Royal William, a firft rate 

*^^'^* JL ^^^ ^^ ^^^> ^^^^^ about 40 years 
ago, having, upon examination, been judged in fo 
good a ftate, as to be worthy of repairing for fea fer- 
vice, was ordered into dock, and brought thither on 
the 29th of June iff 6. On thefe occafions it is 
ufual to lay acrofs the middle line of the bottom of 
the dock, at diftances of about ive feet from one 
another, thick pieces of oak timber of about four 
feet long ; their upper furfaces lying in the fame 
plane, or fo pofited, that a line ftretched from the 
two extreme blocks will tmich aU the intermediate 
c^nes I and on the middle of thefe blocks the keel of 
the fliip is to reft. On the faid day the tide did not 
rife fo high as was expeded ; and there was not quite 
depth enough of water to float the fhip in, and £tt 
her on the blocks, notwithftanding the affiftance of 
an empty lighter, which, being Ixed to the ftern, 
lifted the Ihip at that end fix inches : and as the 
Dffiocrs kiiew they fhould not ha?e fo much water 
again before the next fpring-tides, they were deter- 
mined to heave her in ^ which is a very common 
operation in mdft dock-yards. Now it fo happened, 
thro* the great weight of the head and ftern, that 
the fhip cambered very much ; that is, her keel, 
ftom i^ing ftrait, was Income mucfe curved, the 
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two extremities hanging lower than the middle part 
by many inches 5^ and confequently the foremoft 
part of the keel, inftead of Hiding over the blocks, 
forced all the foremoft ones away, for above 60 feet 1 
whereby that part of the keel refted on the bottom 
or floor of the dock, and the aftermoft part refted 
on fuch of the blocks, as had efcaped the violence, 
which had difplaced the others. In this fituation the 
keel was very far from being ftrait -, and fo it was 
refolved to lift by main force the head of the ihip, 
until the keel ftiould be ftrait 5 and in that pofition 
to fupport it by the blocks, which had been forced 
away from their places. 

For this purpofe there were fet up, under the 
wales and other parts of the fliip, to the length of 
near 80 feet of the ftem, as many flioars, as were 
judged neceflary ? and alio nine pair of bed-fcrews, 
three pair under each bow, and mree pair under the 
knee of the head. At each fhoar a workman was ap- 
pointed, to drive wedges between the heels of the 
ihoars and the parts of the dock whereon they refted ; 
whereby the flioars were raifed end- wife, and con- 
fequently the body of the fliip lifted at the fame time. 
While this was doing, the 1 8 fcrews were alfo at 
work: and between thefe efforts the fore part of the 
fhip was raifed upwards of 19 inches, fo much being 
neceflary to bring the fore part of the keel in a right 
line with the hinder part. 

In this fervice were employed about 270 men; 
whereof about 144 worked at the fcrews, and the 
others worked at the flioars with their mawls and 
wedges ; and the whole operation was performed in 
about feven hours. 
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Mv curiofity leading me to inquire what was the 
weignt of the fliip, in the condition fhe was at the 
time of bringing her into the dock j for this purpofe 
I procured draughts of the elevation and fedion, and 
of the plans at the line of jfloating, and at the pa- 
rallel fedions of every foot diftance down to the 
keel. Then, by finding the mean area between every 
two fecftions, I was thereby enabled to come at the 
magnitude of a folid, that would nearly fill the trough 
the fhip made in the water 5 and, by increafing this 
magnitude by that of the keel, and fo much of the 
ftern-poft and ftem, as were under water, the cubic 
feet of the fluid difplaced by the fhip were obtained, 
being 54869 J and confequently her weight was 
353205)1 pounds, or 1576 tons, 16 C. 2 qrs. 3 ib. 
Thefe numbers were not altogether fo eafily come 
at, as they would have been, had the fhip fwam on 
an even keel, her draught of water before being 13 
feet 2 inches, and abaft 16 feet 6 inches. However, 
the computation may be efteemed as corred: as the 
nature of the fubjed: would admit ; becaufe I found 
pretty near the fame folidity by another method. 

I got a block or model made, by a fcale of a quar- 
ter of an inch to a foot, of fo much of the Royal 
William's body, as was immerged, when fhe was 
brought into dock 5 and this block I immerfed in a 
trough of fea- water, and found its weight in the 
following manner. 

The length of the trough was 46 inches, breadth 
14 inches, and depth 8 inches : at each corner was 
a graduated fcale of inches, and pencil-lines drawn 
round the infide of the trough at every inch* Sea- 
water was poured into the trough to the height of 5 
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inches; and the trough was exadly levelled, by 
means of the pencil-line, at 5 inches : then the 
block being forced under the water's furface, the 
fluid, when flill, was rifen to 6 •§• inches -, confe- 
quently the magnitude of the block was equal to a 
parallelopipedon of 46 inches long, 1 4 inches broad, 
and 1 1 inches deep, or to 858 f cubic inches. 

Now 8 jiSf cubic inches are equal to 0.4965) cubic 
feet. 

And a cubic foot of fea- water weighs 64.3732 
pounds avoirdupoize. 

Then 64.3732 x 0.4969 =31 .987 pounds. 

So that by a quarter inch fcale, a model fimilar to 
the Royal William weighs near 3 2 Ife. 

But a quarter inch fcale is -^j of a foot fcale. 

And the model is to tne fliip as ?^ is to 4^^, or 
as I is to 1 10592. 

Then 353750^ ife (=110592x31.987), or 1579 
tons, 4 C. 3 qrs. 14 lb. is the weight fought. 

The difference by the two methods amounts to 
J4I S ib^ or to 2 tons, 8 C i qr. 11 ih. 

Some of the perfons prefent at this experiment 
read the height of the water at 6| inches : the dif- 
ference between 6 1 and 6 1 inches is ^V of an inch j 
a difference eafily to be made by different perfons in 
an experiment of this kind. But obferving, that the 
computation made on 6 | inches amounted to near 
f o tons more than on 6 i inches, I caufed the trough 
to be diminifhed in its depth to 6-1 inches, had 
one of the ends cut off, and a board fixed on the 
open fide, being defirous of making the experiment 
with the trough ftanding on one end : and indeed, 
in this fituation> an error of tV of an inch in the 

Pp 2 height 



1 292 ] 

height of the water makes a difference of about 16} 
tons in the weight of the fhip. Into this upright 
trough water was poured to the height of 3 6 inches 1 
and the block being immerged, the water was raifed 
9 1 inches : fo that the block was equtl in magni- 
tude to a parallelopipedon of 14 inches long, 6i. 
inches wide, and 9 f inches deep, or to 849 f cubic 
inches : from whence I find the weight of the fiiip 
to be If 62 tons, iC iqrs^ 16 fc. And altho' I 
take this number to be neareft the truth, yet it may 
be obferved, that it is no eafy matter to come at ac- 
curacy in this fubjed by any of the methods in com- 
mon ufe. 

My next inquiry was, to find how much of this 
weight was lifted, and how to proportion it among 
the fcrews and mawl-men : but in this, lefs accuracy 
muft be expeaed than in the preceding inquiry | for 
the exad number of men employed is not known 1 
neither can it be told, how many worked at the 
fcrews, and how many with the mawls 1 and only 
a guefs can be made at the part lifted. However, 
fomething may be gathered, which may, perhaps, be 
worth the knowing. 

Let the weight raifed be taken at half the weight 
of the fliip 5 for 64 feet, the length of the keel 
raifed, is not far from half the whole length : add 
to this the fally of the head, the weight of the 
forecaftle, the fridion of the timber, and the refift- 
ance of the parts bent trf the cambering : befide, the 
mawls worked at feveral Ihoars fet up abaft the faid 
tf 4 feet 

Now the weight by the laft exf^riment was 
3495>o64 fx^unds : one halfi or 1749532 ft. I take 
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to be the weight raifed between the fcrews and 
mawls. 

The diftance between two contiguous threads of 
each fcrew was i|- inches j the length of the two 
oppofite levers was 12 feet 8 inches, or if 2 inches, 
ana defcribed a circumference of 477 1 inches : each 
fcrew was worked by 8 men : their force, reckoned 
at 3oife. each, makes the power working on each 
fcrew equal to 240 ifc. 

Hence, from the known property, each fcrew could 
raife 65485 ffe* 

And the 18 fcrews raifed 1 1 78730 lb. 

Then there remained 570802 ib. to be raifed 
among about 126 mawls : 

Which gives 4530 ife, or a little more than two 
tons, .0 bf raifed by each man with his mawl and 
wedges 5 which is confiderably lefs than what I have 
ftenUed by way of experinien,. 



XXXV. Ohfervatkm on an'Evmim> or ra- 
tkr Noaurnd, Solar Iris. By Mr. George 

Edwards, Librarian of the College of 
Phyjicians. 

To the Reverend Dr, Birch^ 

ST P 

Read June 16, •^N Sunday evening the cth of June 

''"' kJ 1757, being walcing in the fields 

near Iflington, about half a mile north of the upper 

refervoir or bafon of the New River, I obferved the 
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